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ABSTRACT * 

Crustal Evolution Education Project (CEEP) modules 
were designed to: (1) provide students with the methods and results 
of continuing investigations into the composition, history, and 
processes of the earth's crust and the application of * this knowledge 
to man's activiti** and (2) to be used by teachers with little or no 
previous background % in the modern theories of sea-floor spreading, 
continental drift, and plate tectonics. Each module consists of two 
booklets: a teacher's guide and student investigation. The teacher's 
guide contains all of . the information present in the student 
investigation booklet £ts well as: (1) a general introduction; (2) 
prerequisite student background; (3) objectives; (4) list of required 
materials; (5) background information ; (6) suggested approach; (7) 
procedure, including numbe'r of 45-minute class periods required; (8) 
summary questions (with answers); (9) extension activities; and (10) 
list of references. Objectives of activities in this module include 
locating and relating plate boundaries and areas having frequfent 
earthquakes / ^plaining how to use historical seismic data to predict 
earthquakes in an^Srea, listing* three precursors' (events occurring 
before an earthquake) and explaining how they are used in earthquake 
"prediction, and making an earthquake prediction based on simulated 
data. (Author/JN) * . 



r 



********************************************** 

* Reproductions supplied by EDRS are the best that can be ma^de * 

* * * # from the priginal document. - * 
*********************************************************************** 



ERLC 



€<£<BD ' 



CRUSTAL 
EVOLUTION. 
EDUCATION 

PROJECT 



U.S. DEPARTMENT OF EDUCATION 
NATIONAL INSTITUTE OF EDUCATION 

EDUCATIONAL RESOURCES INFORMATION 

/ CENTER (ERIC) > 

V Th«s document has been reproduced as 

received from the person or organization 

originating it 
_ Mine* changes have been made to improve 

reproduction quality 

• Pomts of view or op m ions slated m this docu 
ment do not necessarily represent official NIE^ 
position or pcHicv 



"PERMISSION TO REPRODUCE THIS 
MATERIAL $ MICROFICHE ONLY 
HAS BEEN GRANTED B£ 

TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) " 



Plate Boundaries 
And Earthquake 

Prediction 



TEACHER'S GUIDE 

Catalog No. 34W1022 

r * For use with Student Investigation 34W1122 

Class time: two 45-mlnute periods 




TH 5 



Developed by 

NATIONAL ASSOCIATION OF GEOLOGY TEACHERS 



Produced and Distributed by 
Ward s Natural Science Establishment, Inc. Rochester, NY • Monterey, C A 



7 



NAGT Crustal Evolution 

t Edward C. Stoever, J^, 

'.Ve'y^e to the exciting world of current research 

• Jt n* j -r^ Lon-.pos'tion ntstory and processes of the 

>\\r:n ^ cr.jSt and the application of this knowledge 
T j "xn 5 activates The earth' sconces are 
c.j r re r 'ti, expenencmg a dramatic revolution in 
^:*r jr.derstand-ng of the way in which the earth 
,\o r ks CEEP modules are designed to bring into 
classroom the methods and resufts of these > 
z ; n ' njtng investigations The Crustal Evolution 
E'3'j;HtiOn p rojf j c* o^gan work <n 1974 under 
tr ^ i iSDi^^s of tne National Association of 
G-^ - -j; ^eacners CEEP^materials have been 

-.ced oy T ea^3 of science educators • 
" i^jO^ teacners and scientists Prior to 

* '" .r 1 -,v ,^ # r--« nn^je nais were field tested Dy 
' -5-" ^eacncys and Jver 12 000 students 

-iution research is a breaking 



Education Project 

Project Director 
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Teachers and students alike have a*umque 
opportunity through CEEP modules to share in the 
unfolding of these educationally .mportant and 
"xciting advances CEEP modules are designed 
to provide students with appealing firsthand 
investigative experiences with concepts .which are 
at or close to the frontiers of scientific inquiry into 
nlate tectonics Furthermore the CEEP modules 
'ir~ designed to he used by teachers with little^or 
prp.ious oac kg round in the modern theories 

S^a-f!oOf spreading continental dnM and plate 
t* c?onr.s 

VJ>* kho,\ tnat /o j w 
rT1 0d - f -$ in v -'or c. iss^ 
r r * j i a r ed * j pj *p f ri^'ic^ 

-y n>n^ '*s / ;u !eam "->o r e aoout : h e Mv'ing earth 
■ ' ,r ^ r ! yhf CEEP '-ocijes 
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iSinq CEEP 



jor-r Read on and be 
a renewed enthusiasm for 



*S are 



jgh today 



About CEEP Modules... 1 

Vost CcEP modules co°S'S! of two oookiets a 
T ^//- r s G_. de a n d a Student Investigation The 
T-.^ C r-^r s Q^^e co r tams at- the information 
* iStra T -ons tne S?jcent Investigation 
: .5 sec* jrs or<n^ed m color intended omy for tne 
*- a r T? r as *veU as answers to the questions tnat 

nc. joeo 4 r - * h e Student Investigation 
ir so^- ^ oo^ies tne r e are illustrations that 
iCT^ r on:y ;n thy Tehcher s Guide and these are 
les T r *at^d o/ f ;g^re letters instead of tne n u mt5er 
peq ,<-ncp jsed"m the Student Investigation 

F- ; r v.t.p ^oajjies rnaps rulers ana other 
coupon cass r oom materials are needed and >n 



. ir v .-q q',a n t:t according to tn^ rr.etnod of 
n r es>entaiion Head -j^e r t^e module- oefore 
scne^u'ing its uSi-j 19 class and refer to the list of 
V A T £Rj ALS <o the module 

En* 1 ""i-djle is individual and se ! :-conta;nea in 
content vjt some are divided .n f j two or more 
rarts for convenience The recommended length 
•* tirr ir . f or f^cr; module is indicated^ Some modules 
r--qijiri.* prerequisite knowledge of some aspects 
o f oasic earth science rhis is noted m the . 
Teacher s Guid'e 
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Support of National Science Foundation \ 
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Plate Boundaries And 
Earthquake Prediction 

INTRODU CTI O N f^^E^^^^^M^^f^^^^^^^^^^ ^ 

Some people wouldn't think of going outside each 
day until they have heard the weather prediction. 
Don't you ihink it would be sensible for 
people to check for an earthquake prediction 
before they go to work oMravel in an area? 
Scientists may be on the verge of predicting 1 
certain kinds of earthquakes. Some correct 
predictions have already taken place. To make^ 
correct earthquake predictions become a regular . 
reality, scientists are making concentrated 
research efforts. 

PREREQUISITE STUDENT BACKGROUND 

It would be helpful for students to have some ' 
knowledge of earthquakes. Most of the data 
and relationships presented in this module are 
based on the assumption of an active major fault 
in which there is a constant build-up and 
periodic release of strain. Students should be 
familiar with the basic kinds of faults, 
especially strike-slip faults. Earthquake magni- 
tude also should be explained before the 
activity. The important point is that magnitude on 
the Richter scale does not iSfcrease evenly from 
one number lo the* next. Rather it Is logarithmic 
(each number designates a magnitude ten 
times greater up the scalej^ecognizing that 
higher magnitude earthquakes release a vastly 
greater energy than those with low numbers. 

OBJECTIVES ^^^ ^^^mm^^ ^^^^ ^ w 
When you have ? completed these activities, you 
should be able to 

1. Lofcate and relate plate boundaries and areas 
having frequent earthquakes. 

2. Explain how to use historical seismic data 
to predict earthquakes in an area. ^ 

3. List three precursors and briefly explain how 
they are used in earthquake prediction 
'4. Make an earthquake prediction based on 
simulated data 

MATERIALS 
None 



Ne^v theories of plate tectonics have contributed 
to research on earthquake prediction. Since 
most quakes on earth occur on or near plate 
boundaries, the researchers have to understand 
plate tectonics * 

Two general kinds ot data useful for prediction are 
the history of earthquakes and land movement 
in an area, anct^trange events, caWe^ precursors, 
that usually occur some time bqrore an « 
earthquake. ^ ^ 
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BACKGROUND INFORMATION 

Earthquake prediction involves specifying the 
time,Vlace and magnitude of aiS individual 
future event. All three of these parameters are 
poorly known and are complicated by functions 
of the relative mqtions of parts of the earth's ^ 
crust and mantle, the rate of strain accumulation 
in rocks and the strength of those rocks. 
Even if the processes by which the energy is ^ 
Accumulated and released were completely 
understood, the imprecise knowledge of the initial 
conditions, boundary conditions and relevant 
material properties would make the prediction 
of a particular seismic event very difficult. 

Nevertheless, earthquake prediction has been 
a research goal of some seismologists and other 
geophysicists for about a decade. One approach 
is to base predictions on studies that show 
gaps in the seismic activity at a particular location. 
,if major earthquakes are periodic, then a long 
seismic gap may mean a recurrence is 
likely or overdue at that place, But the main 
thrust is the search for precursors, that is, 
phenomena that occur in a characteristic way % 
prior to ad earthquake. Most of the research to 
date has been empirical. 



Recently, however, a physical model of processes 



^ preceding a seismic event has been successful 
in. explaining and unifying a number of 
independent observations. Although this theory, 
known as "dilatancy," is still being tested, it offers 
hope that at least some earthquakes in some 
geological settings are predictable on tfje 
basis of easily observable phenomena. 

The setting of an active fault, the San Andreas 
Faul}, will be used as ah example in this module. 
Plate boundary settings suchfas this are 
more useful for prediction than other locations 
because strainjfcnd movement are'operating - < 
constantly. Accurate prediction is still a # 
goal for the future. 
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SUGGESTED APPROACH 

PART A requires some important teacher direction. 
In orderto keep student reading at a minimum, 
the graphs, relationships and exercises in 
PART A are presented here with no explanation. 
Students are instructed to wait for your 
direction. The following section, PROCEDURE, 
explains the graphs. The graphs were simplified 
for student use so some of the original 
formulas could be presented. The students are 
expected to gain a basic understanding of 
the relationship so they can read and logically 
follow the graph. ^ 

If students seem to be understanding the various 
relationships, they may not need much help 
in synthesizing them to make theft own 
predictions in PART B. If some Students are 
having diffic&Uy, go through the first example 
. with them. 



An important point that should be stressed from 
the beginning is that "research and development 
in this field is young. The graphs have been 
simplified from research that^is currently 
being argued and disputed. Some precursors under 
investigation today may prove invalid 
tomorrow. Likewise, scientists, may have over- 
looked the key to prediction thus far. In any case, 
the intent is to expose students to a field of 
endeavor that will experience rapid growth 
and increasing imp6rtance in the next few years. 
When the breakthroughs occur, the students 
who learn from this module will have a fuller p 
understanding. 
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PART A: Is it possible 1 to predict earthquakes? 
Students examine the relationships between 
earthquake magnitudes and recurrence * 
interval^, diameter^of uplifted areas and duration 
of precursors. Students will also examine 
the relationships between travel-time ratios for 
S- dnd P-waves and the occurrence of an 
earthquake. 

key word: precursor * 

Time requited: one 45-minute period 

Materials: none 

Look at Figure 1. This map has thousands of 
"earthquake centers v plotted as dots. These quakes, 
large and small, happened over a six-year 
period Do ypu notice a pattern to these quakes 9 
They seem to occur in dark bands or lines. It 
is no coincidence that thesfe lines match the 
boundaries of major plates on the earth. 
The highest numbers of quakes Occur in areas 
where plates are bumping into or shdmg past one 
another 



♦ 




Figure 1 A vievtf of the QartlV? surface showing earthquakejpicenters from 1961-1967 (Modified from 
* • w A E Brptman, 1978, The origin of metal deposits in the pcefnic lithosphere Scientific American 
<J and F Press, 1975, Earthquake prediction Scientific American.) 
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Figure 2 shows the situation along the west coast 
of the United States. Circle this area on the 
map (Figure 1). Scientists from many fields are 
studying and recording all the earthquake 
activity in this area. One of the most active areas 
is the San Andreas Fault that runs up the 
length of*California. (See Figure 2.) The land to 
the west of the fault is sliding northwestward t 
in relation to the land to the east of the - 
fault. This is one of the most active earthquake 
areas in the United States The data presented 
in thus activity comes from the study of 
earthquakes in this area While looking at the 
..graphs, keep in mind that there are argumenfs 
among scientists in this field. Some of them 
may even disagree as to the fruth of some of the 
data presented 



/ 



North 



<c?x 



San 
Francisco 




Santa Barbara ^r-^si" ; 



San Diego I 



p'nure 2. Index map of California showing location 
jome major faults. 



The vertical scale of Figures 3, 4 and &does 
not increase at an even rate It increases faster 
as you go up the scale. ^ 

Look at Figure 3 and then wait until your teacher 

explains this graph before you answer the 

questions. 1 ' , 

/ 

PART A of this activity i^ intended to acquaint 
students with the basics of earthquake m 
prediction (Figures 1 and 2). Check to see, if 
students have circled the line^of quakes in the 
western United State*. If they have seen^is plot 
in another activity, a quick reminder of the 
location of trenche^and ridge zones may be 
helpful. % ' . 

Make sure students realize that in Figure 3 the 
scale of years increases more rapi„dly,as you 
read up it. This graph is a simplified diagram of a 
great deal of statistical data for a specific 
location. This relationship is only possible \nan 
area that: (a) has historical earthquake data; 

(b) is constantly monitored by seismologists; 

(c) lies near an active fault: and (d) has a fairly 
constant rate of strain. ' ^ 

This is an idealized graph, it shows the full release 

of energy build-up in the given time period. 

It does not take into account other forms of energy 

release between quakes, such as creep and 

tremors. This graph is^for a location that would 

experience movement of 2 cm/year along 

the fault if the ground moved freely.. 

1\he actual relationship is believed*to follow the 
Jg^mula: 



7 Rx = 



P - 
s-c 
where Rx 

s 

D 



1 recurrence intervaraT^ point on the 
fault 

- displacement accompanying a quake 
of given magnitude 

- long term strain rate (h£re assuming 
^average of 2 cm/year) 

^Tectonic creep, rate, • " 
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there had been no earthquake in this area 
for five years and then one occurred, what 
. might" be its magnitude*? 
About 5.1 

2. A quake of magnitude 4.0 just happened. +How 
many years has "it been since the last quake? 

> year 4 i 

3. People thought ther^ wouta Be no -more 
quakesit th^Jocation here because there had 
been none for 100 years. But, they were surprised 
when one struck yesterday .-What might be the 
magnitude of this killer quake? 

7.1 

4. Finish this statement. In an area along an 
active fault, the longer the time between quakes, 
the stro nger the earthquake and the greater the 
magnitude. ' 
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Figure 3. The graph shows the full release of 
energy build-up in the given time period. 
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Look at Figure 4 and wait',for ah explanation 
from your teacher. 

The model or theory known as dilatency is 
based on the idea thaj rock undergoes an inelastic 
volume increase prior to failure. Vorexampie, 
charfges in tilt, or bulging in the rock, is a f 
precursor phenomenon. This is revealed by 
changing elevation of benchmarks or using sensi- 
tive tilt meters. The size of the region of uplift 
has been correlated with the magnitude of 
the future earthquake. Japanese scientists have 
suggested the relation from which Figure 4 * 
was derived. 
M * 1.96 log r - 4.45 

M = magnitude; r - radius of uplifted area - 



5. b An earthquake with a' magnitude of 4!5 

\ occurred. If land was uplifted some time before the 
quake, what might*6e the diameter of the uplift? 

2 km * 

6. Scientists in a certain area measured the 
diameter of the area bulging up a tew years ago 
The bulge measured, 80 km acros/ What is the 
likely magnitude of the next quake 7 v , 

7.6 

7. Finish this statement The smaller] the area of 
land uplifted, the smaller the magnitude of the 
next quake, j ) ' 
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Fiaure 4 The graph shows the correlation betwe.en size of the region of uplift and the magnitude! 
rri 9^ future earthquake X 



Look at Figures 5 and 6 and wait for an 
explanation from your teatfher. 

The graph In Figure 6 was derived from apparent 
correlation between duration (not size) of an 
anomaly and the magnitude of the future 
event. In stating the relation, Klssllnger did not 
limit this relation to any particular precursor. 
The derived graph In Figure 6 Is fairly simple 
for students to use. (If magnitude Is fTrst 
determined from Figure-6 or Figure 4, the student 
can go back, to Figure 3 to find a likely 
recurrence interval.) Figure 5 shows raw data 
from an area in New York. Some scientists have 

determined that the ratio of the velocity of 

t i * 



S-waves to the velocity of P-waves decreases prior 
to earthquakes. (Once again, this method * 
could only work in an area where constant * 
monitoring take3 place.) Each mark on the graph 
was the result of a shock, wave,; either small . 
explosions or foreshocks, being sen^ through 
the rock In question. This lower velocity Is 
explained by the dllatency model. Whep the land 
Increases in volume, extra spaces open up which 
would tend to slow waves traveling thrpugh 
. the rock. Water fills \n the spaces prlorito. 
the quake, which would bring the wav£ velocity, 
back to normal. Make sure students draw a 
smooth "best fit" line, to show the trend Npf other 
points, instead of trying to connect them. 



r 




Duration of time 



Figure 5 Travel-tirr^ ratios (tS/tP) forthe August 3, 1973, Blue Mountain Lake earthquake, 
predicted by Aggarwai and others. 
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Look at Figure 6 as you answer the following. . 

4 8. A certain precursor or unusual event lastecPfor 
about three /nonths and then started to go 
back t9 normal. After the precursor returned to 
normal, a cfuakfe struck. What might be its 
magnitude? 
4.7 

The normal velocity of^waves through a rock had 
been unusual for a long while. Last week a 
devastating quake occurred that had a magnitude 
of 7.6. Your teacher explained that the points 
plotted in Figure 5-are from a place in 
New York. The normal value from the time of the 
S-wave divided by the time for flie P-wave 
is about 1 75. Place yOur pencil on that value on 
July 29 The values refnain the*same for a little* . 
while and then decrease. With a smooth lipe, 
draw the approximate pattern for the decrease » 
and then return to nprmal^ome time later. 
Then notice when the quakb occurs. 

9. For how many days was the value unusi^al? 
3.5-4 days 

No*J? use Figure 6 to determine the magnitude of 
the quake Write your answer both here and on 
Figure 5 where it says M = 2.6 

10. ^tate the relationship between the duration 
of a precursor and the magnitude. 

The longer a precursor lasts, the greater the 
magnitude of the subsequent earthquake. 

■ v , . - 



years 



days 



Another precursor is unusual animal behavior. 
Eyewitness accounts of unusual animal 
behavior preceding an earthquake have been > 
reported for centuries from all over the world. 
^Studies of animal behavior are difficujt to carry 
oUt. All animals wdul$ have to b6 observed 
constantly for Ipng periods of time in order to 
decide what behavior is unusual. 

The Chinese government has issued a list of - 
behaviors of anirrf&ls before and during earth- v 
'quakes. 

Some of the behaviors aFe that cattle or horses 
refuse to get into tlteir corrals, rats run from their 
hiding places, chickens fly into trees, pigs 
hreak out of their pens, ducks refusg to go to water, 
dogs bark for no obvious reason, snakes come 
out of their winter hibernation,, pigeons are 
frightened and will not return to their nests, 
rabbits jump or crash into things, and fish 
jump out of water as if frightened. 

Animal behavior is the oldest recorded precursor 
of earthquakes. The use qj unusual animal 
behavior scientifically depends on careful 
observation of normal behavior for that animal. 
Much interesting research is beingidone in this 
.area using such diverse animals ai chimpanzees 
and cockroaches. Students phould be told that 
unusual animal behavior has been observed 
for no more than 24-36 hours'prioj- to a quake and 
at a distance of no more than 50 km from the 
epicenter. 
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Fiaure 6. $T he graph shows apparent correlation between duration of a precursor and the magnitude 
nypi future earthquake. - * - 
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PROCEDURE 

PART B. Can you,predict an earthquake? 
Students try .to make tbeir own predictions based 
on source-idealized data. Students should be 
aware of the hypothetical nature of the data and 
the predictions they will come up with. 
They should be encouraged to set out their data * 
carefully and use more space than provided 
if necessary. 
Key words: none 

Time required: one 45-minute period 
Materials: none » 
|^ You are the director of an imaginary governmen 
agency called the Bureau of Earthquake 
Prediction. It is your job to analyze data anct make 
decisions. Your decision may affedf the lives 
of million^ of people. Your prediction may cause 
people to leave the^rea. They will be angry 
if no earthquakes occur You may predict a small 
quake, or one happening some time m the 
future. If you are wrong, many people may die 
Good. !uck» ^_ 

For each of the three simulations dp the following 

1. Read the data given in the description. 

2. Use the graphs or other information from 
PART A to come up with various guesses 

3. Roughly average the values and using your own 
judgment, predict the magnitude of the 
earthquake and toe approximate range of time 

jn the future you think it will happen. 
Follow through the first example and fill in the 
data The second and third examples may^be * * 
dtfne using the same method, or another, * 
if you prefer 

/ Shakeytown, California * 

Residents of Shakeytown are used to quakes by 
ndw They have rebuilt the town a number of 
times in the past. The last quake occurred 
ab6ut a year ago Smce«then there has been one 
instance of mild tremOr Pepple were awakened 
last night by rabbits bumping into buildings. 
y That activity has decreased today. Tilt 
1 meters'have indicated an uplifted area of about 
.5 km diameter What is your prediction? . 



Now carefully consider all factors together and 
write your predictions 

Next quake may occurs in 1-2 (days, minutes, 
years)/ 

Its magnitude will be 3.4 

Justification of prediction. The animal behavior 
"means a quake will occur soon. Tremors will 
decrease the strain build-up so the Ipwer values of 
magnitude wilfprobably be the case. ^ 

What action should you take? The following 
are some of your alternatives: 
a. Notify local officials to evacuate the people 
b Notify lo v cal officials to secure homes'. 4 
c. Notify government agency for future action 
d Suggest that existing structures be 
strengthened 

e. Changfe building code for next few years 

f. Other (you specify) 

Action- Notify local officials to secure homes 
since there is little time. The quake^will likely " ' 
be* mild. * 
Help students go through this first example if they 
are having trouble. They may want to'Use a 
separate sheet of paper for data. If they can justify m 
their prediction, it [/not necessarily wrong. 
You fehould decide ahead of time whether 
you will announce the actual outcome of the 
quake.' It may be in the form: "Two days after the 
"rabbity stopped bamping into buildings, an 
earthquake Qf magnitude 3.2 struck." Have 
students discuss the results of taking the wrong 
action. ^ ' 
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.Qracklnthegrriund, Oregon i 
A few kilometer's away from this town^a* large 
crack opened up during a quake 10 years - 
ago. Since this time there has been n6 seismic, 
activity, 'Animals seem to tie happy. For the 
last thr'g£ years there has been a slight bulging of 
the cfround in an area measuring £0 km across 
The town is growing rapidly and large offices 
and apartments are being built. What is your *" 
prediction"? (Hint. Don't use Figure 3 A 
< until yog decide gn *a magnitude.) 
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Data Layout 

Observation 



Implication' 



animal behavior > 


not unuslial 


jjuake not 
imminent 


uplift 


20 km diameter 


M = 6.5 , • 


duration of uplift 


— ■ — ■ p — 

3 years 


M = 6.3 


using Figure % 
for M 6.6 - 


35 years- 

10 years K 


quake in 25 
years 



Next cfuake may occur in 25. (days, minutes, 
^ears). 

its maignitude will be 6.4 4 m 
Justification of prediction Although there are* no 
precursor indications of an imminent earthquake, 
a large future quake seems to be indicated by 
pfesertf bulging. A 

Action. Notify government to change building 
codes and. start a program of strengthening 
buildings. 



Muddywaters, California 
Last year you made a prediction for jt^J^people 

r ci this city based on your obsefvations.^At the * i 
time you noted that the velocity of seisrffic ^ ® 
waves, had been low for 2 years. The last quake 
was 20 yearsT ago/£nd $ou did not have time * 
to measure uplift because you predicted a 6.5 

.magnitude quake to occur within a few weeks. 
There was gre^t confusion and marry people (eft. ~ 
A quake did strike^ few weeks' lafer but it ' 
wastmly M = 2.5 The people were angry. Now you 
have measured uplift again and find the land 
is still deformed ovgr a diameter of 1 km. 
What is your n£w prediction? 

(Hint, lay out your'data for both predictions and- 
cons'rtier them together.) 



Category 



DataLayout 

Observation 




Implication 



seismic velocity 
low 


2 years 


M = 6.5 


last quake v . 


^20 years ago 




seismic activity 


small quake 

M = 2.5. 


will decrease 
'fiext quake 


land uplift 


1 km diameter 


M - 3.8 



Next quake may occur in 
years) \ 

Its magnitude will be 4.0 



1 (days, minutes, 



Justification of prediction Since it was apparent. 

that a large amount of strain was building, 

the release of energy during the 2.5 quake was not 

enough. New data indicates that the rest of 

the strain will be released within a year. 

Action: Strengthen structures, etc. x 

V*ou may want to fabricate the actual outcomes 
to these thre^situationsLPOssibly deviate 
from the implications of the data to show that 
earthquake prediction is not infallible. 
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. * SUMMARY QUESTIONS 

1. WherQ do most earthquakes occur on the 
surface o'Uhe earth? 

# Along plate boundaries, especially where plates 
^ . are colliding- ^ 

2. In an areaftf an active fault, if % earthquakes 
occur regularty, what can you say about the 
magnitude? ► 

% . It will be small because of the constant release 

* of strain. 

3. Explain a precursor and tell how to use it. 
The students may choose to explain any precursor 
and explain how to use it. ' 

EXTENSION 

> You and your classmates may want to make up 

- your own situations (not haphazardly.Miut 
^ using the graphs) and try to ccfne up with an 
accurate prediction. , 
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INTRODUCTION ' - ' • - ' 

Some people wouldn't tJajnk of going 'out$id§ each 
day until they have heard th? weathet* prediction 
Don't you think it would be sensible for 
people to check for an earthquake prediction 
before they go to work or travel in an area 9 - 
Scientists may be on the verge of predicting 
certain kinds of earthquakes. Some correct 

redictfbns have already taken place To make 
correct earthquake predictions become a regular 
reality, scientists are making concentrated , 
research efforts 



New theories of plate tectonics have contributed 
to research on earthquake prediction. Since 
most qgakes on earth occur on or near plate 
boundaries; the researchers have to understand < 
plate tectonics. , " 

Two general kinds of data useful for prediction are 
the history of earthquakes and land movement , 
in an area, and strange events, called precursors, 
that usually^ccur some time before an 
earthquake,, m ' 

OBJECTIVES ^^^^^^^^s^^ 



When you have completed these activities, you 
should be ablfe to 

1. Locate and relate plate boundaries and areas 
having frequent earthquakes. 

2. Explain how to use historical seismic data ' 
to predict earthquakes in an area. 

3. List three precursors and briefly explain how 
they are used in earthquake prediction. 

4. Make an earthquake prediction based on 
simulated data ,* 
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PROCEDURE ^wi^^^^^^^^^^r-^^^^S^^^T. ^ . .*iE^^a^tfg3isajgEB^^ 

PART A Is it possible to predict earthquakes? \ 
1 Materials* none ~ j * - - „ ' 

Look at Figure 1. This map has thousands of * 
earthquake centers plotted as dots These quakes, * *' 

large and small, happened over a six-year * ; 

period Do you'.notice a pattern to these gUakes? "\ • , 

They seem to occur in dark bands or lir^s. It 

is no coincidence that these lines match v the * 4 * 

boundaries of major plates on the earth - . 

fTTjie highest numbers of quakes occur in areas ^ * 

where plates are bumping into or sliding past one' ; * 

another. 




Figure 1 A view of the earth s surface showing earthquake epicenters from 1961-1967 (Modified from 
A E Brotman, 1978, The origin of metal deposits in'the oceanic lithosphere Scientific American 
and F Press, 1975, Earthquake prediction. Scientific American.) 




Figure 2 shows< the situation along ihe west coast 
of the United States Circle this area on the 
map (Figure 1). Scientists from many fields are 
studying and recording all the eafthquake 
activity in this area. One of the most active areas 
is the San Andreas Fault that runs up the 
length of California (See Figure 2.) The land to 
the west of the fault is sliding northwestward 
in relation to the land to the feast of the 
fault This is one of the nrfost active earthquake 
" areas in the United States. The data presented 
in this activity comes from the study of 
earthquakes in this area While looking at the 
graphs, keep in mind that there are arguments 
among scientists in this field Some of them 
may even disagree as to the truth of some of the* 
data presented 




Figure 2 Index map of California showing location 
of some major faults 




r ■ , ■ 

The vertical scale of Figures 3, 4 and 6 does 

ncrt increase at arr/e*/en rate It Increases faster 

ds.you go up tjie rcale 

Lc^s at Figure 3 and then wait until your teacher 
explains this graph before you,answer the 
qjtesttons 



3. People thought there would be no more 
quakes at the location here because there had 
been none for 100 years. But, they were surprised 
when one struck yesterday. What might be the 
magnitude of this killer quake 9 



1. If there bad been no eaVthquake in this area 
for five years.aQd then one occurred, what 
might beotSsmagnitude 7 



4. Finish this statement In an area along an 
active fault, the longer the time between quakes, 



2. A quake of magnitude 4 0 just happened. How 
many yerars has it been since the last quake 9 
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Figure 3. The graph shows the full release of energy build-up in the given time period. 
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Look at Figure 4 and wait for an e^lanati 
from your teacher 



7 Finish this statement The smaller the area of 
land upJtfted, _1_ 



5. An earthquake with a magnitude of 4 5 
occurred If land was uplifted some time before the 
quake, what might be the diameter of ihe uplift? 



6. Scientists in a certain area measured the 
diameter of the area bulging up a few years ago 
The bulge measured 80 km across What is the 

likely magnitude of the next quake? ' v f* 




T 



Look at Figures 5 and 6 and wait for an 
explanation from your teacher. 
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Figure 5 Travel-time ratios (tS/tP) for the August 3, 1973, Blue Mountain Lake earthquake, 
predicted by Aggarwal and others ' / 
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Figure 6 The graph shows apparent correlation between duration of a precursor and the magnitude 
rri Y^future earthquake. 
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Look at Figure 6 as you answer the following. 

8. A certain precursor or unusual event lasted for 
about three months and then started to go 
back to normal After the precursor returned to 
normal, a quake struck What might be its 
magnitude? 



The normal velocity of waves through a rock had 
been unusual for a long while Last week a 
devastating quake occurred that had a magnitude 
of 7 6 Your teacher explained that the points 
plotted in Figure 5 are from a place in 
New York The normal value from the time of the 
S-wave divided by the time for the P-wave 
is about 1 75 Place your pencil on thai value on 
July 29 The values remain the same for a little 
while and then decrease With a smooth line, 
draw the approximate pattern for the decrease 
and then return to normal some time later 
Then notice when the quake occurs 

9. For how many days was the value unusual 9 



Another precursor is unusual animal behavior 
Eyewitness accounts' of unusual animal-' 0 
behavior preceding an earthquake have been 
'reported for centuries from 2ll over the world 
Studies of animal behavior are difficult to carry 
out AH animals would have to fc>e observed 
constantly for long penods of time in order to 
decide what behavior is unusual 

The Chirtese government has issued a list of 
behaviors of animals before and during earth- 
quakes 

Some of the behaviors are that cattle or horses r 
refuse to get into their corrals, rats run from their 
hiding places, chickens fly into trees, pigs 
break out of their pens, ducks refuse-to go to water, 
dogs bark for no obvious reason, snakes come 
out of their winter hibernation, pigeons are 
frightened and will not return to their nests, , 
rabbits jump or crash into things, and'fish 
jump out of water as if frightened 



Now use Figure 6 to determine the magnitude of 
the quake Write your answer both here and on 

Figure 5 wfrere it says M - , 

10. State the relationship, between the duration 
of a precursor and the >nagnitude 
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PROCEDURE -^^^^^m^^mm^^^^^w^ 
PART B Can you predict an earthquake? * 

^Materials none 

you are the director of an imaginary government 
agency called the Bureau of Earthquake 
Prediction. It is your job to analyze dala and^make 
decisions Your decision may affect the lives 
of noilhons of people Your prediction may* cause 
people to leave the area. They will be angry 
if no earthquakes occur. You may predict a small 
quake, or one happening some time in the 
future If you are wrong, maoy people may die. 
Good luck 1 

For each of the three simulations do the following. 

1. Rea3 the data given in the description 

2. Use the graphs or other information from 
PART A to come up with various guesses. 

3. Roughly average the values and tJsmg your own 
judgment, predicjt the magnitude of the 
earthquake and the approximate range of time 

in the future you thmkit will happen 

Follow through the first example Bnd fill in the 
data The second and third examples may be 
done using the same method; or another, 
if you prefer 

Shakeytown, California ' 
Residents of Shakeytown are used to quakes by 
now They have rebuilt the town a number of 
times in the pas^ The last quake occmred 
about a year ago Since then there has been one 
instance of mild tremor People were awakened 
last night by rabbits bumping into buildings 
That activity has decreased today Tilt 
meters have indicated an uplifted area of about 
5-**n diameter What is your prediction 7 



Now carefully consider all factors to^ethenand 
.write your predictions. 

Next -quake may occur in (days, minutes, 

years) , 

Its magnitude will be 

Justification of prediction 



What action should you take 7 The following 
are some of yoifr alternatives 
a Notify local officials to evacuate the people 
Notify local officials to secure homes 
Notify government agency for future action 
Suggest that existing structures be 
strengthened 

Change building code for next Jew years 
Othert(you,speafy) 

A^ion 



Category 



Data Layout 

Observation 



Implication 



tast quake 


1 year 


M = 4 


any activity 


minor tremo/ 


will decrease M 


animal behavior 


f 


earthquake in 
24-36 hours 


uplifted area 


5 f|m diameter 
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Crackintheground, Oregon 

A few kilometers away from this town a large 
crack opened* up during a quake 10 years 
ago Since this time there has been no seismic 
activity? Animals seem to be happy For tie 
last three years there has been a slight bulging of 
the ground in an area measuring 20 km across 
The town is growing rapidly and large offices 
and apartments are being built What is your 
prediction 7 (Hint Don't use Figure 3 
until you decide on a magnitude ) 



Category 



Data Layout • 

Observation Implication 



Muddy waters, California 

Last year you made a prediction for the peopJe 4 
of this city based on your observations^^, the 
time you noted that the velocity of seismic , 
waves had been low for 2 ^ears The last quake 
was 20 years ago, and you did not have time 
to measure uplift because you predicted a 6 5 
magnitude quakd to occur within a few weeks 
There was great confusion #nd many people left 
A quake did strike a few weeks later but it 
w^s only M = 2 5 The people* were angry Now you 
have measured iJplift again and fincHhe land 
is still deformed over diameter of f km 
What is your new prediction 7 

(Hint jay out your data for both predictions and „ 
consider them together ) 



Category 



Data Layout . 

Observation , Implication 



Next quake may occur in ' (days^ minutes, 

years) 

Its magnitude will be 

Justification of prediction 

i 




Next quake ! may occur in — (days, minutes, 
yearsj 

Its magnitude will be 

Justification of prediction 



Action. ' Action 
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SUMMARY QUESTIONS 

1. Where do most earthquakes occur on the 
surface of the earth? 
1 I 



2 In an area of an active fault, if earthquakes 
occur regularly, what can you say ^bout the 
magnitude 9 



3. Explam a precursor and tell how to use it 



EXTENSION ^P^^^^^^^ ^^ ^^^^s^^^m ^, 

You and your classrtiates may want to make up 
your dWn situations {.not haphazardly, but 
using tha^graphs) and try to come up with an 
accurate prediction. 

REFERENCE 

Press, F , 1975, Earthquake prediction Scientific 
American,^. 232, no 5 (May), p 14-23 



